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(54) TiUe: AGGREGATE SUPPORTS AND OLEFIN POLYMERIZATION CATALYSTS SUPPORTED THEREON 

(57) Abstract ' ' . ; j . 

i , i 

The present invention relates to a novel loose aggregate 
catalyst support composition characterized in that; the aggregate 
has a surface area from about l(X)-1060m^/g. an average panicle 
sire of from about 5-250 microns, a pore volume of from 
about 0.5 to 3.0 cc/g in pores having pore diameters under 
1000 At^gstroms, and preferably having an AQl haniness of 
greater than 10, and wherein the aggregate particles comprise the 
following components: 1) porous solid panicles 'from organic, 
inorganic oxide materials and mixtures thereof, | sais particles 
having an average panicle size of less than 30 'microns; and 
2) a binder to loosely bind the particles from 1) together. In 
another embodiment, the catalytic support material^ of the present 
inventior^ is combined with chromium compounds; Ziegler-Natta 
and Metallocene. or Ni based complexes. Pd based complexes 
catalytic materials resulting in catalytically activq compositions 
when appropriately activated. Further disclosed arc methods for 
making the support and catalysts and methods fbr using these 
compositions. ! 
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AGGREGATE SUPPORTS AND OLEFIN POLYMERIZATION 
CATALYSTS SUPPORTED THEREON 



5 BACKGROUND OF THE INVENTION 

The present invention relates to novel aggregate support compositions that are 
particularly useful for polyolefin polymerization catalysts. The present invention further 
relates to a novel method for making the novel aggregate support composition. 

Using different support materials with different physical characteristics is known 
10 in the art. Agglomerated catalytic support materials and catalysts have been prepared by 
a variety of methods. For example, Grace Davison, a business unit of W.R. Grace & Co. 
currently offers several agglomerated catalytic support materials that are prepared by 
spraying drying an aqueous slurry of various sizes of milled particles of silica hydrogels, 
e.g., Davison 948. These products typically have an AQI of less than 10. Additionally, 
15 U,S. Patent No. 4,228,260 discloses a process for preparing a porous pure silica suitable 
for use with chromium oxide catalysts. The process described therein is of converting a 
silicon-halogen compound to a non-porous sihca by flame hydrolysis and then admixing 
with water to form a silica gel. The gel is then spray dried to achieve the required particle 
size and pore volume. U.S. Patent No. 4,657,880 discloses a high surface area 
20 agglomerate of porous silica particles wherein the particle is sintered to provide 

appreciable density and strength. U.S. Patent 4,902,666 discloses a method to prepare 
strong spheroidal solid agglomerates, typically 1 -5 mm, containing alumina or a mixture 
*^ ' ;of'alumiha and at least on6* other injorganic material. These agglomerates are formed frphi 
- jnicronrsized particles fused'together to make poly loBeid agglomerate particles. Having a , 
25 ' diameter of O.Smm-'or larger.^ U.S. Patent No. 4,704,374 discloses a method of making ^ 
; Jarge spheroidal silica patticblates jjroduced from a mixture of xerogel or aerogef'^ith . 
. -^silica hydro.sol. These are particles from 1-10 mm in size and have a pore volume of 0.05 
* 'W 1 . 1 cc/g in pores having a pore diameter of less than 1 000- Angstroms. Consequently, 
the thus produced partfcle is a large mechanically^ s^tl9"6. particle that is predorriiriantly / 
30 silica material. J' !w- 

■-s J. -^-^ *. i-« ti'i /. ; • - > * . -.. -I- 7 , . * 

*s:»-. ,r I . - ■ • . 

i.';' IV,, \i- v_ ^-r -(ii , ** 
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Each support must typically be 
Small primary particle size is desirable. to. reduce faults and blemishes in the polymer 
prpducl from silica residues. jSeyere milling of hydrpgel, >vhich produces a broad particle 
size distribution, will reduce primary pafticle sizp, but can reduce the pore volume below 
5 acceptable levels for use as a catalyst. Use of small catalyst .particlesf(i.e., 5-10 microns) 
increases catalytic activity. However, slurry loop and gas phase pplymerization processes 
require larger particle size (40-; 1 00 microns ,and above) for optimum operation. 
^ ^ Apcordingly, an Jdeal catalyst .wofild.com^^^ small particle size attribules*jn a larger, 
more readily handlec^ caUlyst particle, I : , . i ^ , ^ ,ii ; 

}9 < The present inveiition relates tp,a. novel method ptprpducing a novel catalyst 

aggregate support and catalyst material having macroporosity andithat provides an active 
catalytic particle that is more active than, the typical' agglomei;ated support materials. It is 
;r i < t>^Ji^v^d the. aggregate particles of the present invention fragment readily in. the 
j , , polymerization reactor, Je,ading.,ta high activUy. This iioyej aggregate. particle further 
15 cornbines the.benefits.of. a large, particleTpr handling purposes a^^ particle and 

narrow particle size. distribution fpr pplynrierreactQr,purpose to a more 

homogenous polymer (with respect to molecular weight and composition) . having better 
film appearance. 

20 SUMMARY OF INVENTION 

, One ernbodiment pf the.pre^pnt^ 
. _ . support coraposition^charapterized in.th about 
. . lOO- IOOOrn^/g^ an.ayerage particle size pf from about 5.-250 microiis; a volume of 

. from ubput 0.5 to 3.0 cc/g in pores having pore diameters under 1000 (Angstroms, and 
. 25 ^preferably, having an AQI hardness , of, grci^ter than JO, and. wherein the aggregate particles 
jj . . comprise the following cppipon^ ^ : ,i - r : ? ui.} : 

1 ) porous solid particles from organic, inorganic oxide materials )and mixtures 
thereof, said particleS:having,an iaverage particle size of less than »30' microns; and 
; ^ . .2). a binder tpjposely bind t^^ 

..^^ . . }p, another ernbpdiment, thci catalytic support material .of: thc; present invention is 
, ...xombjned with chrpmiunri compounds, Ziegler-Natta, Meta|Jocehc;Ni; based complexes, 
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' Pd based cbmplex'ek catalytic matenals" arid mixtures 'thereof liesulting in cataly tically 

• • / active compositions when ippf-bpriately artiv^te'd. * ' ' ' ' ' 

. Additional ernbodimfents of -the present invention are the methods of producing 
^ loose aggregate support'rhaterials arid catalysts. ' ' - ' 

5 The rhethod of producing the loose aggregate su'pport composition comprises the 

• - fblJowiftfgstepsV*'! • ^ ^^'-"'^ * .^^ i -:. 

. .' i* '\ l)n ' tpfepar^ h sliirry in a'kuifab'le sol vyht/preferaliiy water, of the support 
■r } material(s); said supportiihaterials having 'aii'hverage particle size of less than 30 microns, 
and the binder, such that on a weight basis"6f the'sfiiWy. the support material' from about 
; lo;: N 5 to 40 wt/,%-and the' birtdbr'is iffSrri'abbuf I'O'to abcl^t 4^5 Vf.%' ^and the remaining Being 
^ - -the^sorvcm'ilsteai'^nd- ^' 'l'*^*^'**' ^ * • i- - 

? ; . =2)! • t'^^spfay dry tHfe slufry^from step I) to* create' the* ^oose' aggregate having a 
surface area of from laboiit' 100-1 OGO fn^/;g\ an average particie size 6f from 5-250 microns, 
r: - having a pore 'volume; cf from atf^t 0.5' to 3 cfcVg' in *pb?es" having pb're'diameters under 
J 5 . 1000 Angsti-oms, and prefef^'b'ly 'haVirig ah A'QI hardhdss of greater thari 10.' 

" The-p^6serir^n'^ehtidH'fu^the^f 'irifc^tla6^ the catalyst 

. • systenTS described' h^reitv;; ^ ' ; 

DETAILED DESCRIPTION OF THE INVENTION 
20 The Support Composition h ^! J ' . , , • . : ' ' - 

i:^ i'.H . ' One embodiment 'ofthfe ^ii'e'sy/ift'frtW^ is a noVel loose aggregate catalyst 
support iGomjiosition GhdrsidtfeH!iea4h 'that* Iht-^gj^regate hiife a' surface iueai f roM about 
. ! lGO^I6pOmT/g/preTerably fr6m^ abdur 150-86©^^ 200-700 

• , .m^/gi' 'Theiig'gregate has-anravenage particie'«4J2fe?df -ffbW 5-25Cf rhicrbhs.' pref6rably of 
25f :from. lO- jaO.mierohsrand a^ofb'volurfid'df fi*om 0:56' t'o 3:0 cc/gfin'pcires Kaving pore 

diameters under about 1000 Angstroms, andpttiferably, afiAQI hardness 'of greater than 
Li:10;:preferablV offronfr 15^70;'^^' ^: r;;c :i /-..r. - 

-^^j - The.aggregatc particles comprise the folloMh • 

1) I i» soWd poroiis particles from organic; inofgahic, inorganic oxide materials 
30 -i rand:mixtures thereof (also* refen'ed to herein as suppoit'pOTticlei),\said particles having an 
; av^ragdp'ahicle sizeof less tharf30.mlcr6nS, pf6fera^ of from f-25 rhibrbrirf^ and most 
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preferably of from I -10 microns; in the most preferred embodiment, the particle size 
distribution of the support particles is preferal)|e such that 10% are ^t least 1 micron, 50% 
. are less than 5 microns, and 90% are less than 9 micirons, | 
2) a binder to loosely bind the particles from 1) together. 
.5 The support particles can be any sufficiently pproys inorganic oxide, organic ; 

materials aqd mixtures thereof. 

Inorganic oxide support materials include tiilcs^ silicas, litania, silica chromia, 
^ silica chromia titania, silica-alumina, silic^-titania, silip^7titania-alumina, zirconia, 
si lanized silica, alumiiiium phosphate gels and mixtures thereof. Preferred support 
10 materials are silica hydrogels, sijica x^rogels,^ ?ilica aerogels,; silica.cogels and. tergels 
, (e.g., Si-Cr-Ti, Si-Ti apd Si-Cr gels). ^^A^ include silanized, fumed 

or precipitated, silicas. . ^ . ; 

_ ^ general, silica hydrogels (a.k.a.,^a^^^ 

medium which has its pores filled with that liquid medium.. A. xerogel is a hydrogel with 
15 the liquid medium rerripyed. An aerogel i^, a special type of xerogel which has the liquid 
removed in a rnanner that prevents the coljapsing of the pore or a change in the pore 
structure. Colloidal or hydrosol silica are terms that refer to stable dispersions or sols of 
discrete particles of amorphous silicas. Precipitated silica is formed when the ultimate 
silica particles are coagulated as loose aggregates in an aqueous medium, recovered. 
^■■! .i ^^^shed ,and dri^d, Furned.silica (a.k.^ a.ppvvdpred.silic^i made by condensing 

silica from thet vapor phas? at elevated tenipcratu^^^ l^ilanizecl silica can be any .siiica 
wherejn ariy of the hydrogens in the hydroxy, groups in the .^;ilica structure are replaced 
with SiR;,, where the R is a hydrogen and/or alkyi groups, thereby silanizing Si in, the base 

^^ u::: ; . Qfganic support materials incl^^^^^ ^ 
. I ^ divinylbenzene qopolyrapi^s, polyethylene,. linear^^ density polyelhylene,jPQlypropylene, 
polyvinylchloride, polyviny poly-f-methyl- 1 -pentene, sjMb$tituted polystyrenes 

, |. ; .and^polyacryJate?;, s^arche^^ ^ , 

. ^ .Pr^fepbly, lhq support particle 
^0 ?VPR^.''^ materials.. The degree of porosity^ In the supportmay.be any. I^eyel that . 

^iichieyable i.n the starting material and de;sirabje in:;lhe finished product. . Preferal^ly, the 
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support pa'rticles of the presenl invention have a pore volume of at least 6.5 cc/g; 
' priifcrably more than 0,8 cc/g; and^mdre preferably frorn about \ .\ to 3 cc/g. 

Pore volume and surface* area; for example can be pleasured from volume of 
nitrogen gas adsorbed in accordance with' the BET method. 
5 • The binder material suitable' foir iise in this invention is a binder that can be spray 

dried and that will continue to hold together the support particles in a loo.se aggregate as 
''defined above; The* binder is preferably selected from the groujD oif silica oxide materials 
h'aving from 5-l00%* by weight solids.* ThesVsili'ca oxide materials can be hydrogels, 
* hydrosbl. fumed silica; precipitated silica; ajumihiurn s'ols/and mixtures thereof, 
10' * "prefd^ably mflldd hyditlgels. Othei^'suitaBle binder materials include silica co-gels or 
tetg^ls containing chromium, aluminiurri/titanium and mixtures thereof. For example, 
U.S. Patent No. 3,887,494 teaches one method preparing Si02- TiO'2 cogel. Preparation 
- 'of these kilicas are well known to tHo^i bf ordinary skill. I^any rnay be purchased from 
'* various suppliers suCh as Grace Diiv^isbn;'a' busines's'unit of W.R/Grace & C6, Fumed 
15 silica is avaifabre from Cabot' Corp. under t^^ < . . t ^ 

The' binder may hcive particles within i^ 
' ' to be'comi5atible*'wlth the suppdft pairt^ ' 

The Catalv^' Cortiposititon' ' ''^-^ . = ^. - 

20 ' " In andther eWibodiment. the clatalyt'ic 'Support matferial of the present mvention is ' 
• - useful to sbpport a Variety of catajyticaWy dctive materials such ia Chromium, Ziegler- 
''NattaVMetailocene, NV based 'cbiiiplexes, Pd based compiexes catalyst systems and 
mixtures thereof. ' ' ' "k'^-^^- • ' ' -i'- - • ' * ■ " " 

Chromium catalyst can be made by several methods. For example, a chrbmium 
25 contairiirig"*siiica* ger (6.g.i Si-Cr co^^els 'or Ti-C!f-Si tei^gels) 'can be lised^as" the sianing ' 
siipport particl^i allefnativery, a dhrOmium containing sblutibh'can be addbd io the slurry 
(befbf^ spfsy dfrying* e.g.,' in step* r')'/'Chromium*(ikaly^^ cdn Be illso ke prepared 'by 
impregnating the aggregate' support with' a sblulibh'of chromium bxide, a comploiind that 
• ' can be converted into chroniibm bxid'e'olr a composition containing chromium oxide, 
30 drying the impregnated aggregate particles 'and activating the catalyst cohrlposiiibn 
" • bdtWe^nUoO-I'dtfO^CV PreiFbrablB cdfnpouhdkftd^c^^^^ cdn verted imo'chVomium oxide 
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'PP;!"**? ^*!fP™!^!".^f**®%Shro?n'U!n nitrate, c|iroinj.iig»,actylawnate..and mixtures- 
thereof. . .. 

Co-gels suph as Ti-Si and tergels such, as Ti.Cc-Si can be used as the starting 
support materials to prepare a support fpr use as in ^ieglerrNatta catalytic systems. In 
addition, Ziegler f^atta, Ni based complexes, Pd .based complexes, and metal locenc 
catalysts species can likewise be impregnated mp t\ie aggregate. particles using well 
known techniques dependitig on the .final catalytic .system desired. ■ 

The Method of Making the Support Aggregate 
1 0 The method of producing the loose aggregate, support compqsition <:omprises the 

following steps: , . ... 

, ,. , . P''^P^ring a slurry in a suitable, splyent pf the su^^ 

described above havjiig a pH that can be basic, ne^utral.or acidic depending on the support 
particles and binder selected. Preferably, the pjti is .frpm 2:^, with fhe preferred pH from 
. 7"^' slurry may optionally cpntain |Tianufactiiring,aid,s such as surfactants. The sluny 
is preferably from 35-90% by Nyeight.so.!vent. ^nd has a solids .content of from 10-65% by 
weight, preferably froip |0:40 Wt.. % solids, and most preferably from J0-.2O Wt.% .solids. 

Suitably solvents include water, hydrocar^b^^^^^^ 
preferably heptane, hexane, and octaties); aromatics ( preferably toluene and benzene); 
20 alcohols, glycol ethers and esters, (prefe:rably as isoprppyl alcphol, hexanpl,. n-butp^y 
propanol, t-butoxy propanol; ethoxy ethyl acetate, n^ethoxy prop acetates, and ethoxy 
ethyl propionate); and rn|xtures of the foregoing. The. preferred solyent is water. 
. ; , . Processing, aids .such as surfactants can be added to the. slurry when needed. One 
suitable surfactant is Igepal®, £^ prppriptary polyethylene glypol cppiposition lhat can be 
25 . purchased from Rhone Poulenc Corp. , , . . , 

described above. 



Optjpnal.s.teps, include ipillingithc .starting material befpre preparing the slurry 
;. ' '^A^'^ ^.h^,!?'"der. Th^ type of milling will depei;id.pn,the starting, mate^rial, an the desired 
30 final product. Typical.mining.operatipniJ are;wel| knpwn wct and dfy millingiprocedures. 
Additional optional steps include milling the binder material separately before adding to 
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• 'the slurry and/or either stirring; mixing or milling the slurry after the support particles and 

binder are combined. These are process options that must be determined based on the 
^ ' " materials used ind the' applications of the final product! The necessity of these for a 
■ given sdiectiori of niaterial^'can be dfcterinined without undue experimentation. 
5 . . .. por example/ depen<iirig on the silica binder used, it may be desirable to mill the 
^ ^'sliirry Cof tWe binder'sepafately) to act as a more efficient binder system. 

Furthermore;'it*may be desirable to calcine the resulting aggregate to remove any 
residual water for certain applications, e.g., when the aggregate is used to support Ziegler- 
Natta and/or Metallocene catalyst systems. Typical calcination can be carried out at 150- 
10*^ 9(ro''C'fof up'to 24 hours* ' * ' ■ ' ' * t 

Ziegler-Natta, Metallocene, and Ni, Pd based complexes (Catalysts, cocatalyst and 
•activaLtor cOmpEoneiils c'an'be impregnated in and on the supports of the present invention 
N ' • using'any niirriber of krioWh techhi^t^Ws. ^ Where suitabre'(e.g.', non-aqueous slurries) the 
' catalytic cdrrtponehts 'tan ^b'e idfdeti l6 the slurry before spray drying. Typically, the 
' • ' 15' corbponeh'ts'are ldfepbsited*dn the'dg^ Vl^ith respect to Ziegler-Natta 

catalyslt*''systeiti it is possible 'to'^use* frietal o^ide -silica gels as the source of the active 
• = cdialyst meliaf Souti^eV'e.g! ti '\ 

* "ivfetaU6c€5rie"'iis defirted as an'o'rganometaiiic compound having a transition 
' lAdtal, including rare' earth riietafs!\n coordination with members of at least one five- 
20 ' *m'eniBer'carboh ring, hetefbsubstituted five-riiember carbon ring, or a bridged (ansa) 
*- * ligand 'defined as'two cydlic mbieties c^^^ coordinatihg to the transition or rare earth 

meial5i/'Whferein'the~'arisa'Dridge BVcan be carbon, silicon, phosphorus, sulfur, oxygen, 
''^^'mitd^tn; s'jSecies such as'iCH2CH2 (ethylene), Kle^Si (dimethylsilyl), Ph2Si 

' * ' (diphenylsilyl)'Me'2& (isopVopyli'defle), Ph2P (dipheiiyiphosphoryl) MeiSiSiMe^ 
25 (tetramethyldisilane) and the like. In parti'ciilar, preferred metallbcehes are derivatives of a 
' ' cyelopeKt&yie^nfe i[Cp)/iKcloding cyclopientacliertyl, siibsVitiited cyclopehtadienyls, indenyl, 

fluorenyl, tetrahydroindenyl, and 1,1-disubstituted silacyclopentadiehes, 
' '= ' *phosphdcycl6)ieintadienesV l-rnetaH bis(indenyl)ethane and 

' 'mixtures' tHfereof;^ Metal locfene catalyst are typically attivaied by cornbining the active 
^ ^ -'30 * -metal specie with' borate or aFurriinoxarie coTripounds well known in the art.' 
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. . The transition metal component of the metallpcene is .selected from Qroups IIIB 
through Group YIII of the Periodic Table and mixtures thereof„preferably Group IIIB, 
lyB. VB, VIB and rare earth (kc.. lanthanide? and actinides) metals, and most preferably 
titanium, zirconium, hafnium, chromium, vanadium, saiparium and neodymium. Of these 
5 Ti, Zr, and Hf are most preferable. 

^ : "Ziegler-Natta" tC^") is defined as a transition metal (Group IIIB* through VIIIB) 

, halide, alky I, aryl, or alkoxy compounds and mixtures thereof in combination with a 
, Group 1 through III elements of. the! Periodic Table. A typical example is TiCU and AlEtv 
Preferred Zieglcr-Natta systems ariC those erriploying^a'compleix' of rhagnesium 
10 . .chioride/iiianiium halidc or:alkoxyrcompouindJand an aluminum' alky! deposited on the 
novel supports of this invention. Methods' of producing catalysts -are known in the art. 
; ^ • Electron donors may also be used in Ziegler-Nalta catalyts systems of the present 

invention and include, esters, ethers; amines, silanes and alcohols'ahd inixtures thereof. 

It is also believed that the'corhpbsitibns'arid methocis described herein are suitable 

15 for use with catalysis that are palladium and nickel-based complexes (e.g.^ Ni, Pd 

coordinated to diiniihe (noh-cyciopenl^^ nitrogen-containing) ligands) described in 
Brookhart, Johnson, ahdKillian, J/'Am'Chem. Sdc., 1 17, 6414 (1995). Typical versions 
of these catalysts are datidriic and can be'ad using 
alumirioxane or borate cd-cataiystk. ^ .n., . . , . ; . 

20 ^ ' Catalyjit kystems^supported on the aggregate d^^ 

polymers using solution polymerization, slurry polymerization or gas phase 
polymdrizalibn techhiqilfes. ' As used hereiii'the term polymerization includes 

' - copblynierizatidn and terpolyrrierizatibh'ind t^ terrns olefins and olefinic monomers 

iti'clude dlefins', arpha-blefins, diolefins, stfyrenic' rndnbmers, acetylenicaliy unsiaturated 

25 nhionbmers, cyclic olefins 

' 'Methods and appairatus for c^^ reactions are well 

Known. The'catalyst according to the present invention can be used in similar amounts 
and under similar conditions known to olefiii polymerization catalysts. Typically for the 
slurry process, the temperature is from apj^roximately 0 °C to just below the temperature 

30' at which the polymer becomes soluble in the polymerization medium. For the gas phase 
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process, the tefhperatiire is' ffom approximataly O^'C lo just below the melting point of the 
• - - polymer. For the solution* prbce^s/the temperature is typically the temperature from 
wh'fcH the polyitier is soluble'iri' the reaction medium up to approximately 275^C. 
' ' ' The pressure used can be selecteH*'from a relatively wide range of suitable 
5 pressures, e.g., from subatmospheric to about 26^0o6 psi. Suitable pressure is from 
y atmospheric tptabout \QQO psi. and most preferred from 50 to 550 psi. In the slurry or 

,pc^riiclefprni.pi;ocess. Jhe process is suitably performed with a liquid inert diliient such as 
. , . a satur3ted. aliphatic thydrocarbori! Theihydrdcdrbon* is a C4 to C|6 hydrocarbon, e.g., 
isobutane oran/aromaticihydrocarbon JiqUid'such as benzene, toluene or xylerie. The 
'9*> j.I>9lynier is irecoyered directly from ithe,gaK,phase process *oir by-fillfaiion or evaporation 
' J if: iilt^rry process or. evaporation of sdlvent from the solution^ process. 

. :iThe support and'cataly$t system of ihe present invention is particuiarly'suiied for 
the gas phase. and. slurry phase :.polymerization pyrocesses and particularly useful for the 
production of polyethylene and pqlyprop^^^ , ^. * , ; 
15 Figures 

Figures. I -4 are electron microscope photograp embodi,ment.,of the 

present invention and of a spray dried^,ag^lp . . . i . . 

Figure 1 is a photographic image.of particles fi;pm one embodipn^nt (silica 
hydrogel support and milled silica hydrogel a? tijnder) of t^e, present invention.. The 
20 photograph was takep with an electron microscope and a 500x magnification of 

the actual particles. ; 

Figure 2 is a photographic image of particles njade l^y spray, drying of an aqueous 
mixture of hydrogel and silica and is typici^l of Davison. 948,. The photograph was taken 
with an electron microscope and. represents.^ 500x magnificatjpn^(^f,the ^^tu^l particles. 
25 Figure 3 is a photographic, imagj^ of particles frpxr\ one embodipient,(silica ^ 

hydrogel support and milled silica hydrogel as binder) of the present, invention. The 
photograph was taken with an electron microscope an^^^ 
magnification of the actual particles. . 

Figure 4 is a photographic iniage of particles nriadc by spray drying 9f ^in aqueous 
30 mixture of hydrogel and silica and is typical of Davison 948. The phptoeraph was taken 
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with an electron micrpscppe ^nd, represents a J 0,pOO;c. magnification of the actual 
particles. 

Figure 5 is a schematic illustration of the apparatus used in the AQI lest. . 

" EXAMPLES 
The examples below are jHustrative of prefeilfed ^mbodimenis of the present 
invention and are not meant to limit the scope of theiclaim hi&rein.' 

. Each of the follpwing examples, was prepared as follows, with the specific 
information for each material, arid characteristics provided inTable 1. The novel supports 
of this invention were prepared by the novel process described herein. In particular, the 
slurries containing the support arid bihder niaterrals of desired particle sizes were^typically 
blended until a uniform jmixture was obtained. The amount ojT support, binder and solvent 
used was selected to achieve the wt.% ratio of support to binder provided in Table 1. 
Water was the solvent used in each example. , 

The slurries (having a average particle size of under 30 microns) were then spary 
dried. ,.>Vith respect to examples 6 and 8/ the binder was coarsely ground before being 
mixed with the support. niateriak The mixtures of support and binder materials were then 
comilled to prepare the spray dryer feed having an average particle size of under 10 
microns (and 90% under 30 .microns). A Niito spray dryer was used at the maniifacture's 
standard operating conditions. 

; Catalysts were prepared by impregnating the aggregate support matci-iaKthus made 
as proyided.in Tables 2 and^. The polymers .were obtained under the cdnditions provided 
below using a 2-liter Zipperclave reactor (constant teniperature and pressure). ' 
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• Tablfe'l. Descriptidh of Ageregdtef Stfpport' 





Exainpic 
• 


Support 
Material 


. Support 
Part. Size ' 

APS/ 

90% 


, , Binder 
' Material 


. .Wl % . 

Support: 
Binder 


Surface * 
Area 
(inVg) 


. Pore 
Volunie 
(cc/g) 


. ■* AQi: 




1 


Aerogel 




10 

M 


Hydrogcl 


J 12:4 


382 


1.62 


41 




2 


Aerogel 






Hydrogel 


9.75:3.25 


.381 


1.56 


3i 


t 




Azeo. Cogel 
Aerogel # 


M 




^ Hydrogel* 


10.7:3.5 


395 


I 44 


48 




4 


Azco. Cogcl I 
Aerogel # 


M 


Bp 


S'l/Vi Cogcl 


"8:4 


' 427 ' 


1.39 


67 




J . 5 , . 


Cogcl. 
Aerogel 


.\4.6 


9H i 


Si/TiCogel^ 


ll.«:3.93 * 


' 373- 




36 


/. 


' . .f> : ■ 


Aerogel ; * 


.5.3 . 
M 




' Hydrogel 


. n.5:4,2 


.3^'2 . ' 


•f- i:6i ■ 


53 




; 7... , 


^erogcl. 


M 


10', 
H 


.Fumed 
'SUica*** 


.l/.1.8:3.fl / 


.'364 


:.l:63 


53 




8 


Aerogel 

i 


,4.6 
P 


. 28. 
H 


, ^Hydi;ogc^^. 


; 10,0:3.7., 




•; i.-:34.i 


i., 65 • 




" i - . ( 


Precipitated 
• Silica '* 

1 ' ■ " 




12 


Precipitated 
Silica 
Slurry 


7.5:2.5. . 




, . 1.27 


• ^ 04 



Notes: 

,5 . 




... Aerogels, cogels and precipitated. stlioas are aVailaWe from Grace Davison, a business unit 
= i of..,^y.R, Grace Co. Excej)t where noted, the bindef'mat6rials^are from the sarhe^ase 
.?i gel u^ied toprepafe.the support (i.e:;*aerogels) niate^^^^ ^ • • ' - - > ■ ' 
; Binders were typically 35 wt %^sorid;:65/wt%^^^ r it ^• 

*^ilica hydrogel used-jn E^cample;3 was theisameiaiiahat used in Example 6. 
i ^ , t *tSi/T;i .Cogel binder .used jn.Examples-4 and 5- was prepared' by . nhilling cogel hydrogel 
(nominaLsprface area:. ==:4Q0 m"/g,:pore volunie =1.4 cc/g)^ ' ' ' ' ' 

\5 *** Fumed silica purchased from Cabot Corp,, "Cab-o-Sil." 
# Azeotropically dried Cogel of Silica/Ti. 
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■ Catalyst Example 10. 

1 0.0 grams of support Example 1 , previously calcined at 600 "C, for 4 hours, was 

slurried in 50 mL of heptane. Dibutylmagnesium (20 mmol) was added dropwise and the 

slurry was stirred for I hour. Anhydrous hydrogen chloride was bubbled through the 

5 suspension for 10 minutes (or until an aliquot of the suspension was slightly acidic). 

Excess HCl was removed by purging the flask with argon for 10 minutes. The off-white 

slurry wa^ treated with 2.9 mmoj of TiCl4 and stirred for I hour. Diethylaiuminum 

' chloride (DEAC, 25 mmol) was added dropwise and'stirring continued^for 2 hours. 

-Volatiles were removed unjier vacuum to yield a free-flowing powder. ' ' 

iO Catalyst Example 1 1. - Prepared usirig the same procedure as Example ^ Q except 

\ , ^ I , ] . ' .. . . J • 1* ' \ . _ /' . ..." . - ■ 

employing IQ.O grams of sikpport Example 2, previously calcined at 600 "C for 4 hours. 
^ . ^ ' " , ■ " : - ■ ; ■■' , ■ , I /" . , '] ; . ; 

Catalyst Example 1 2 . Prepared using the same procedure as Example lOjCxcept 

employing 1 0.'O grams df support Example 7, previously cileined at 600 "C for 4 hours. 

i Catalyst Example 13. Prepared using 'the samje procedure as Ex^mple 10 except 

is employing 10.0 grams of support Example 9; previously calcined at 600 "C for 4 hours. 

Catalyst Example 14 . Prepared using the same genera) procedure as Example 1 3 

except employing the following amounts of reagents: 25.0 mmol of dibutylmagnesium; 

3.6 mmol of TiCU; 31.0 mmoVof DEAC. 

Catalyst Example 15. Prepared using the same procedure as Example 10 except 

20 employing 10.0 grams of support Example 8, previously calcined at 600 ""C for 4 hours. 

Catalyst Example 16. Prepared using the same procedure general procedure as 

Example 15 except employing the following amounts of reagents: 40.0 mmol of 

dibutylmagnesium; 5.8 mmol of TiCU; 50.0 mmol of DEAC. 

Catalyst Example 17. Prepared using the same general procedure as Example 10 

25 except employing 10.0 grams of support Example 8, previously calcined at 600 "C or 4 

hours, and the following amounts of reagents; 25.0 mmol of dibutylmagnesium; 5.6 mmol 

of TiCU; 50.0 mmol of DEAC. Prior to removal of volatiles, 0.2 mL of 2,6-luiidine was 

added and the resulting slurry was stirred an additional 1 hour. Drying under vacuum 

again produced a free-flowing powder. 

30 Comparative Example CEl . Prepared using the same procedure as Example 10 

except employing 10.0 grams of SylopoJ 948 pi*evibusly calcfned at 600 "C for 4 hours. 
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Comparative Example CE2 . Prepared using the same procedure as Example CE I 
except employing the foHowmg amount's of reagents: 40.6 mmol of dibutylmagnesium; 
5.8'mmbl of TiCU; 50.0 mmol of DEAC:' " ' ''' ' ' ' ' * " ^ ' 



15 



table! 



Description of the Catalyst Made and Polymer 



Example 


Support 

'"Examfplo » 


%Mg 


%Ti 


%AI 


Rx T ("O 

j' ' * 


Aciiviiy 


Ml 


HLMl 


MFR 


10 


1 


3.35 


0.66 


4.35 


75 


5400 


0.97 


38.4 . 


-39.5 


1 1 


2 ' • ' I 


•3:4r'" 


•():69 


3.9 


^75^ 


551 A 


1.2i 


51.1 * 


41.6 


12 


- - , 




,0.68 . 


,A:24, 


..75. ' 


15040,.,. ... 


(.04 


39.3 


37.8 


13 


9 


2.92 


0,6 


3-62 


75 


4770 


"1.27"' 


50.7 


. 39.9 


: 14i . 




•3:931^' 




:4.72:^r 


75 


r4430r t 


1:4 


55-2 . 


.39.4 


15 


8 


3.51 


0.71 


4.31 


75 


4770 


0.94 


34.3 


36.5 


16 




"5,29' 


' 1.07'^-*' 


6.05^ ' 


^5 . ^ 


«7i0 


-0.69 


24.7 


35.8 


17 


8 . , 


3.18. 


. !.05 ... 


•6.47.,. 




. 598.0 . 


J)>6I . 


.18.8 , 


,30.8 


CEl 


Sylopol 
948.., .,,.,1 


3.14 


6:72 ' 

X on: 


'4.13 
^ur L 




3.300 


0.55 


20.8 * 


37T8 


CE2 


Sylopol 
948; = 


5.14 


1.05 

. /. /• ;(j 


5.8 

n-. 


75 


3760 


1.02 


40.2 


39.5 



General Synthetic Procedures. In catalyst preparation^ Schlenk and glove box 
techniques were used throughout to exclude water and oxygen. All solvents were 



thoroughly dried and degassed prior to use. 



1 ; ! < 
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Examples 10-17 & Comparative Examples, CEl & 2: Polymerizations performed at 75 
C. 60 psig H2 partial pressure, 120 psig ethylene partial pressure. Catalyst amounts varied 
between 15-50 mg, corresponding to between 4.5 and 7.5 micromoles of Ti. 

Polymerizations were initiated by addition of 0.75 millimoles of iriisobuty.l aluminum 

'J/\'.yi U '''' . J"^ : .-^ . rni" " . n: 

(TiBAI). Activity is expressed as g polymer/g catalyst-hr. 

Catalyst Example 18: 10.0 grams of the agglomerated cogei support Example 4 

was slurried in 50 mL of heptane and treated with 20 mmol of butylethylmagnesium. 

Stirring was continued for 1 hour, Chlorotrimethylsilane (9 mL) was added and stirred 

for 30 minutes. Boron trichloride (20 mmol) was added slowly and stirring continued for 

an additional hour. The resulting solid was collected on a frit, washed twice with 50 mL 

of pentane and dried under vacuum at room temperature. 

Catalyst Examples 19 and 20 . Same general procedure for Example 18 except that 
■»'•.: *£-• ti 'it. n:: v!>:i/' -* -i' ; ' ' * r- < • *- 

0.3 mL of 2,6-lutidine was added subsequent to boron trichloride and stirred an additional 
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hour. The resulting solid was collected on a. frit, washed tvyice i>yith 50 mL of pentane and 
dried under vacuum at room temperalLure. 

Table 3 



Example 


Support 
Example 


% Mg 


%Ti 


Rx T ("O 


Activity 


MI 


HLMI 


MFR 


18 


4 


3.24 


1.73 


75 


3450 


1.66 


60.9 


36.7 


19 


4 


3.07 


1.72 


75 


2180 


0.65 


18.4 


28.1 


20 


4 


3.07 


1.72 


85 


2470 


1.9 


50.1 


26.4 



Examples 17-19 (Table 3): Polymerizations performed at the indicated temperature, 60 
psig H2 partial pressure, 120 psig ethylene partial pressure. Polymerizations were 
initiated by addition of 50 mg of catalyst and 0.75 millimoJes of TiBAl. Activity is 
10 expressed as g polymer/g catalyst-hr. 

The Melt index of the final resin was determined using ASTM Proc D1238, 
Cond.E, Procedure A; High Load Melt Index by ASTM Proc. D1238, Cond. F, Procedure 
B; MFR is calculated by dividing the HLMI by the MI. 

The AQI (Attrition Quality Test) is a Grace Davison test used to rank the hardness 
15 of a material. The quality index is a measure of the material's resistance to particle size 
reduction under controlled conditions of turbulent motion. AQI represents the weight 
percent of the over 16 micron size fraction which is reduced to particle sizes less than 16 
microns under the test conditions. 

The baseline of the 0-16 micron fraction is determined by the Mastersizer 
20 (tradename of Malvern Corp) particle size analyzer. A 5 gram sample of material is 

placed in a covered cup subjected to a tangential jet of air at a rate of 9 liters per minute at 
a 60% Relative Humidity introduced through an orifice fixed at the bottom of the covered 
cup for a period of 30 minutes. The fines generated by the attrition mechanism and the 
coarse particles left in the cup after attrition are combined and mixed. The percent of 0- 
25 16 micron fines after attrition are then determined on the mixture by the Mastersizer 
particle size analyzer. A schematic illustration of the equipment used in this test is 
provided in Figure 5. 
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• The dalculatibn is'as follows. * ' ' ' * '* ' ' " 

AQI=% less than 16 microns rninus ^ less than 16 microns pre-attntion test. 



' . • ■ » : . ■ ' f 



• i ; ' ► . 
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We Claim : . , . . . , - . .i 

^ 1 . A loose aggregate catalyst.support composition characterized in that the 
aggregate has a particle size of from 5-250 miprons, a surface area of from about 100 - 
1000 m^/g and an AQI hardness of greater tlian 10, said aggregate particles comprising: 

1) . loosely bound support particles form^d:^^^ 

selected from the group consisting of organic and inorganic oxide materials and mixtures 
thereof, said support particles having an ayer^ige particle size, of less than 30 microns; and 

2) a bind.er to Ippsely bind the parti9les from step ,1 ) .together.. ; . - 



10 . . ........ ... . 

^ 2. The aggregate cornposition^of pla 

selected from the group consisting of talcs, silicas, litania, silica-alumina,, silica-chromja, 
silica^-chromia^titania, silica,-titania, silicaHitania-aluniina, zircopia, silanize^ 
aluminium phosphate gels, styrene-djvinylbenzene copolymer;?, pqlyethylene, linear low 
15 density polyethylene, polypropylene, polyyinylchloride, polyvinylalcohol, pO:|yr4-methyl- 
1-pentene, substituted polystyrenes and polyacrylates, starches, carbon and mixtures 
thereof; and the binder is selected from the group consisting of silica hydrogels, silica 
cogels and tergels, silica hydrosql, fumed silic^^iprepipitated, silica and mixtures thereof. 

20 3. The aggregate composiUoniPf,claim.2, \yherein the support particles have 

an average particle size of from 5 to 25 microns, and the aggregate composition has an 
AQI of from 15-70 and a surface area of from 150-800 mVg. 



25 4. The aggregate composition. of claim 3, v^herein the support panicles have 

an average particle size of from 1 lo 10 microns, and the aggregate composition has a 
surface area of from 200-700 m^/g. 



BNSDOCID: <WO 9748742A1J_> 



* ' 'WO 97/48742 PCtAiS97/11951 

- 17. 

5. The method of producing a loose aggregate support corfiposition, said 
method comprising the following steps: 

1 ) pVeparirig i slbiry of suppdrt particles, wherein the average size of the 
support particles is less than 30 miCrons, in a solvent with a binder;'and ' ' 
5 • -2)* ' ' spray dhyihg the slUny from step' I) to create the loo^^ 

surface area from ahio^t 'lO'O - 1000 ni^/g, and* aparticle 'size of from 5 -2'50 microns. 

' ' * 6. The-rhethod of claim 5 whefein the method further comprises the steps of 
selecting the support p^i^'ticles-frtiiti the'gfoup consisting bf talcs, silicas, titania, silica- 
10 alumina, silica-chromia, silica-chromia-titania, silica-titania, silica-titania-alumina, 

• ■ 'zircbhia, silanized Viiital alufifiinidm phd^phate g'dsl styVeine-divinylbenzene copolymers, 
^ ^ p'olyclhyleffc/ linear low cfcn'sity polyethylene; polypropyrene/polyvVn^ 

• polyvinylalcohbK poly^-methyl-l-flenterie, substituted polystyrenes and poly acf^ 
- " stiirehes; carbon arid mixtufbs thereof; arid thc Birider from the'^roup cohsistirig of silica 
15 • hydrbgels/'sihca cog6Ti»ah'd t'ergels;'5jilica hydro'sol, fiinied silica, precipitated silica and 

• '^mixtures (hereof/ ■ - -^-.^S-^^ : -ji-^.^r: i i..vr- ^ 

' ' ' ■ 7*. " ' The method of claim' 6 wheVein the m^ 

wherein the solvent is selected from water. C5 -CIO hydrocarbons, aromatics, alcohols, 
-20 glycol ethers, esters ahd' rhixturti's of the'fdfeibmg' * • ' ' ' 
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8.^ ^ A cat^yst composition comprising: i . - 
^ , . . . ^.'P^**^^ aggregate catalysts support composition characterized in that the 

aggregate has a particle size of from ,5 - 250 microns, a surface ;area. of from about 1 00 - 
1000 wr/g and an AQI hardness of greater than 10, said aggregate particles comprising: 
,'^! . , }X , loosely bound SMPport particles formed from. solid support p 

\ selected from the group. consisting pf organic and ipprganic oxide materials and mixtures 
thereof, said support particles having an average particle size of less .than 30 microns; 
2) a binder to loosely bind the particles from step 1 ) together; and 
. , B) a catajyticfilly active metai^ component, se chromium 

10 compounds, Ziegler-Nattas, mctallocenes, Ni based complexes, Pd based complexes and 
mixtures thereof. -.-mIv : \^ .m^i '\^r\^^.r '-^-i 

, , 9. The catalyst conipQsition of cl^^ 

^eleicted from the^ group consisting of talc^, silicas, titania, silica-alumina, siiica-titania, 
15 silica-chrpmia, silica-chromia-titania, silica-tiUniar^^ zirconia, silanized silica,^ 

. . aluminium phosphate gels, , styrene-divinylben linear low 

. density polyethylene,^ polyprppylene^ pojyvinyjchioride; polyvinylalcoholv.p 

l-pentene, substituted polystyrenes and pplyaci-ylatesvs^^ mixtures 
thereof; the;bin.der is sejectodj frprn the,grpup,Gonsisting,of silica hydrogels, silica cogels 
20 and lergcls^ silica hydrosoU fumed siiicai pr^^^ thereof; and the 

catalytically active material is^selecte.d ffoiri the-organome^^ having a 

transition metal, including^r.ar;^ e^rth metals, in -coordination with, members of at least one 
^ fiye-mpnjiber carbon, r^ heteros^bstituted^fiye-member.carbon rihg,-or' a bridged (ansa) 
ligand defined as two cyclic ,moie,Ues capafelj^.pf coordinating to the transition or rare 
25 earth metals; a Group IIIB through VIIIB transition metal halide, alkyl, aryl, or alkoxy 
compounds and mixtures thereof in combination with a Group I through III elements; 
chromium acetate, chromium nitrate, chromium actylacetonate, Ni based complexes, Pd 
based complexes and mixtures of any of the forgoing catalytically active materials. 
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10. The catalyst compositidn of claim'9, wherein the support particles have an 
i : . average particle size of fi-omi t'6 25' niicronsV and the aggregate composition has an AQI 



' , of from 15- to 70 and a surface arei of from* l'50-800 m'/g. ' 



^ 1 1 i 'The catalyisi composition of claim 10; 'wherein *th^^ 

: : ; an a Verage particle slze off from I loMO microns; ahcl the ^^^^ 
. :-vsurfice'areaof'frorh20G!-7(!K)m'/^r^ ' ' ' ' ' 

. I , ^. , ^ „ . . . . . - # , 

• . • 12.V •^-Thewethodof prbduciri'g afcat^ilyst dyhipbsitiori^ the method comprising 
-10. ^^thestepsof:^ = ^ • / v-v nrr^ Lv:-.,: /I.: 'i^:^- M:-:-^ i ... *: '-f * 

I ) prepare a slurry of support particles, wherein the iaverage isize of the 
support particles is less than 30 microns, in a solvent with a binder; 
- 1 2y ' i'V'spl^ay dry the^slufry fir^iti'stfep' l ) rfd'crem^^ having a 

- ; . ' surfaceiareai from. about l(W^i WOO ^m-^/g^^ - 
15 . » ind adding catalyticafly- active rtlkeridriWo I- 

K '>"'' nietaUhd;<optibnaHj?i addin^i^H idppr<6f^^^ v 
^ .spray drying or by-impregnaLtidh aftfer sp^^ ' ' • ' ' ' . - - - ' 3^; 

:. "'i * »3b)- 'adding ia^catalytically ^a^ttWe-mdtefiil^^^^^ ' 
• ; ;20, optionally, adding; an "apprdpri^itetco-cataiysrs *6Y" activator t'o^'fhi' sliirry' b'efoi'e 'spray ' ' 
r; - dryin^ror by impregndtiOn aftisSffsprfi^^ and/or * ' ' ' - • ' 

; : ' 3c) - • . imppegtiating -the'lofese iijgj^e^ai^ folfcVi'ng's'tWp 2)'SviiH 4' ca(aly&ally 

active materiad? and; :c3ptiona)tyi ^addiirig>ari kp|iii6priab do^c^^ activatiir to' the slurry 

:,;hef ore spray drying 'on by Mhtpregnativbh' after'^ayyryiiig. * ' ' "'^ ' 

/ f":^M?';^vt* !r!i ru Mjiv :'v.;'.M!'i-i!u' fi'i- .-J: r. •••!•-. ' 
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it J?- . The method of claim 
selecting the support particles from the group consisting of talcs, silicas, titania, silica- 
alumina, silica-titania, silica-chromia, silica-chromia-titania, silica-titania-aiumina, 
?irconia, silanized silica, alumin 
5 polyethylene, linear low density polyethylene, polypropylene, polyyinylchloride, 

polyvinylalcohol, poly-4-methyl- 1-pentene, substituted polystyrenes and polyacrylates, 
starches, carbon and mixtures thereof; and the binder from the group consisting of silica 
hydrogcls, silica cogels and tergels, silica hydrosol, fumed silica, precipitated silica and 
mixtures thereof; and the catalytically active material is selected from the organometallic 

10 compounds having a transition metal, including rare earth metals, in coordination with 
members of at least one five-member carbon ring, heterosubstituted five-member carbon 
ring, or a bridged (ansa) ligand defined as two cyclic moieties capable of coordinating to 
the transition or rare earth metals; a Group IIIB through VIIIB transition metal halide. 
alkyi, aryl, or alkoxy compounds and mixtures thereof in combination with a Group I 

15 through III elements; chromium acetate, chromium nitrate, chromium actylacetonate, Ni 
based complexes, Pd based complexes and mixtures of any of the forgoing catalytically 
active materials. 

14. The method of claim 13 wherein the method further comprises the step 
20 wherein the solvent is selected from water, C5 -CIO hydrocarbons, aromalics, alcohols, 

glycol ethers, esters and mixtures of the foregoing. 

1 5. The composition produced by any of the methods of claims 5, 6, 7, 1 2, 1 3, 

or 14. 
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16. A polyolefin produced by a polymerization process comprising contacting 
one or more monomers polymerizable under suitable polymerization conditions with a 
composition from claims 1, 2, 3, 4, 8, 9. 10, 11, 15 or produced according to the method 
of claims 5, 6, 7, 12, 13, or 14 in a reaction zone. 
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■ ' ' f Re ptsrytfter of claim f 6 wliereiri thte polymerization prbcess is a slurry or 
gas polyiherizatio'n process:' ' • ' * ' * ' '''^M ^ ' *' * 

' jg.r*: f-pfj^g polymer of claim 16 whdrein thb^polymerpVoduced is polyethylene or 
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